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X. Yang et al., Observing single cells in whole organs with optical imaging, J. Innov. Opt. Health Sci. 16 (1) 2330002-1-26 (2023) 

Typical structures and sizes of biological tissue components

s
 =s(1– g) (2a)2(2a/)0.37(m –1)2 m  ns/n0

V.V. Tuchin, Tissue Optics, 3rd edition, SPIE Press, PM 254, 2015

From Rayleigh to Mie 

scattering



Поглощение и показатель преломления воды

Møller et al., J. Opt. Soc. Am. B, 26 (9), 2009 
Приведенный коэффициент рассеяния кожи

Steven L. Jacques, Ulm, LALS-2014

I= I0exp[–td] 

t = a + s

I = bsI0exp[–effd] 

eff = 1/ δЗакон Бугера-

Бера-Ламберта: 

Модификация закона 

при многократном 

рассеянии: 

Коэффициент 
поглощения

( )1 3 a a s   = +

ОПТИКА БИОТКАНЕЙ ОТ УФ ДО ТГЦ: ПОГЛОЩЕНИЕ И 
РАССЕЯНИЕ 

Показатель 
преломления

 −4

Рэлеевское 
рассеяние

Рассеяние 
Ми

Суммарное 
рассеяние

bMie~0.5-2



X. Yang et al., Observing single cells in whole organs with optical imaging, J. Innovat. Opt. Health Sci. 16 (1) 2330002-1-26 (2023) 

Light propagation in biological tissue

TMFP =1/[s(1– g)] MFP=lph=1/(a + s)
δ = 1/eff 

( )3eff a a s   = +

g – factor of scattering 

anisotropy (mean Cos of the 

scattering angle) 

g 0 – 1

s
 =s(1– g) 



Спектроскопия КР

Терагерцовая визуализация
Фотоакустическая 

визуализация

ОКТСпектрофотометрия

Микроскопия светового листа

Многофотонная томография
Флуоресцентное картирование

Спекл-визуализация

ОПТИЧЕСКИЕ МЕТОДЫ ИССЛЕДОВАНИЯ БИОТКАНЕЙ

ЛИП (LIBS) картирование



Y. Zhou, et al. J. Biomed. Opt. 21(6), 061007 (2016)

80%

20%

1 g/L 

150 g/L
14.3 g/L

12 mg/L 0.5% 

(0.4-0.6 mM)

( )1 3 a a s   = +

http://elte.prompt.hu/sites/default/files/tananyagok/IntroductionToPracticalBiochemistry/ch04s06.html

ТРАДИЦИОННЫЕ ОКНА ПРОЗРАЧНОСТИ 
БИОЛОГИЧЕСКИХ ТКАНЕЙ
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Bashkatov A. N. et al . Opt. Spectrosc. 120 (1), 1-8, 2016 



Motivation: Challenges of Optical Imaging and Treatment

OM: Optical microscopy
SNOM: Scanning near-field optical microscopy
CFM: Confocal microscopy
2PM: Two-photon microscopy
SHM: Second harmonic microscopy
OCT: Optical coherence tomography
DOT: Diffuse optical tomography
UOT: Ultrasound-modulated optical tomography
PAT: Photoacoustic tomography

DOT, 

UOT, PAT

OM, SNOM

OCT

Soft limit ~ δ

CFM, 2PM, SHM, etc.

Hard limit ~10 δ

( )1 3 a a s   = +

Skin

MFP = lph = 1/(a + s)

Femtosecond  Laser 

Treatment

Fluorescence 

cancer cell imaging

Ballistic photons:

Bouguer-Beer-Lambert law: 

I = I0exp[–(a + s)d]



Immersion Optical Clearing (OC) Method

Organelle
Nucleus

Cytoplasm

Interstitial fluid (ISF)

Fibers

s
 =s(1– g) d2(d/)0.37(m –1)2

Cell

Tissue

V.V. Tuchin, Tissue Optics, 3rd edition, SPIE Press, PM 254, 2015

1) OCA diffusion into tissue/cell leads to replacement tissue/cell water by an OCA 

2) Tissue/cell temporal/reversible dehydration caused by osmotic action of an OCA is 

followed by tissue/cell shrinkage: less thickness and better ordering of collagen fibers 

or cell skeleton with volume fraction fc(t)

s
 =s(1– g)  [1–fc(t)]

3/[1+ fc(t)]

m  ns/n0

OCT

1 - Refractive index matching of tissue/cell components and ISF/cytoplasm

2 - Cell temporal/reversible dehydration

3 - Collagen molecules reversible dissociation

The main mechanisms of OC: 

s


fc



ОКТ : 

Примеры прозрачных и мутных 

(рассеивающих) тканей

СЭМ :

Роговица

Склера

ОКТ изображения и А-сканы

V.V. Tuchin, Polarized light interaction with 

tissues (tutorial), JBO 21(7), 071114 (2016)

From Oliveira et al., SFM, 2020

M.G. Ghosn, V. V Tuchin, K. V. Larin, 

IOVS, 2007

ПРОСТРАНСТВЕННАЯ КОРРЕЛЯЦИЯ КОЛЛАГЕНОВЫХ 
ВОЛОКОН

Диаметр 30.80.8 нм, расстояние 55.34.0 нм, m=1.47/1.35

Диаметр 25-230 нм, средний 100 нм, m=1.47/1.35



Optical clearing agents

Hyperosmotic agents:

❖ Glucose

❖ Sorbitol

❖ Glycerol

❖ Polyethylene glycol

❖ Propylene glycol

❖ Dimethyl sulfoxide 

Isosmotic solutions:

❖ X-ray contrast agents: 

iohexol, iodixanol

❖ MRI contrast agents: 

gadobutrol, etc.

Optical clearing method helps to reduce  

scattering of tissues

Dehydration mechanismRefractive index matching 

mechanism

s
 =s(1– g) d2(d/)0.37(m –1)2

m  ns/n0

Rat skin in vivo

From Dan Zhu, HUST
The Invisible Man

Herbert G. Wells, 1897





E.V. Lengert, E. E. Talnikova, V. V. Tuchin, Yu. I. Svenskaya, Prospective strategies for enhanced intra- and transdermal 

delivery of antifungal drugs, Skin Pharmacology and Physiology  33, 261–269 (2020)

Enhancers for in vivo delivery of OCAs through biological membranes

OCAs



Pig skin sample before and 

after treatment by Propylene 

glycol 1,2-PG at time 

intervals of  0 (native), 10, 20, 

30, 40, 50 and 60 min

Dehydration Optical clearing

T. Yu, X. Wen, V.V .Tuchin, Q. Luo, D. Zhu,  J. 

Biomed. Opt. 16 (2011)



THz Time-Domain Spectrometer

Bovine muscle tissue dehydration by glycerol measured using THz spectrometer in 

transmittance mode
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Enhancement  of the probing depth in tissues using optical clearing techniques

Human skin in vivo  dehydration by different OCAs: alternative measurements

Optical clearing in THz range  

16
G.R. Musina et al., J. Biophotonics 13,

e202000297 (2020) 



Time dependence for collimated transmittance for the rat muscle 

treatment with glucose (L.Oliveira, et al. JIOHS, Vol. 6, No. 2, 1350012, 2013; JBO, 2015)  

Glucose 20% 

Glucose 40% 

Glucose 50% 





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


−−
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
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l
2

2


 =

Diffusion time of Glucose and Ethylene Glycol in rat muscle
(L.Oliveira, M.I. Carvalho, E. Nogueira, V. V. Tuchin,  Laser Physics, 2013, JBO, 2015)

756.0595.0161.0 =+=+= waterfreewaterboundnaturalwater fff fsolid part=0.244

scmDa /104.8 27−=

scmDEG /107.5 27−=

Evaluation of  Water Content in Human Liver

I. Carneiro , S. Carvalho , R. Henrique , L. Oliveira , V. V. Tuchin, Simple 

multimodal optical technique for evaluation of free/bound water and 

dispersion of human liver tissue J. Biomed. Opt. 22(12), 125002 (2017)

Glycerol-Water Solution 



I. Carneiro, S. Carvalho, R. Henrique, L. M. Oliveira, V. V. Tuchin, A robust ex vivo method to evaluate the 

diffusion properties of agents in biological tissues, J. Biophotonics 12(4), e201800333 (2019)



Diffusion time for healthy colon mucosa and tumor
Tissue type Healphy mucosa

OCA concentration 10% 15% 20% 25% 30% 35% 40% 45% 50% 54%

Diffusion time , s 65.1 69.4 81.1 138.4 299.2 211.5 104.3 55.7

SD 0.2 3.2 6.1 5.9 4.7 6.1 1.3 5.9

Tissue type Tumor

Diffusion time , s 62.9 68.6 71.1 73.9 136.1 320.6 234.9 139.0 82.7 58.4

SD 0.5 0.2 0.5 1.5 1.1 10.6 4.1 14.0 2.0 1.7

Tumor has ~5% more free-water content than 

healthy mucosa

Glucose takes more time to diffuse in tumor 

than in healthy mucosa

Normal mucosa shows similar results to muscle tissue (Oliveira et al, 2013)

Software : P. Peixoto, L. Oliveira, M. I. Carvalho, E. Nogueira, and 

V.V. Tuchin, Software development for estimation of optical clearing 

agent’s diffusion coefficients in biological tissues, J. Biomed. 
Photonics & Eng 1(4) 255, 2016

(L. Oliveira et al,  Glucose diffusion in colon mucosa – a comparative study between 

healthy and cancerous tissue, J. Biomed. Opt. 22(9), 091506 (2017))



The OC effect in UV improves 

with the increase of glycerol 

concentration in the solution

Surgical colorectal 

human specimen

% 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝑻𝒄 =
𝑻𝒄 𝝀, 𝒕 − 𝑻𝒄 𝝀, 𝒕 = 𝟎

𝑻𝒄 𝝀, 𝒕 = 𝟎
× 𝟏𝟎𝟎%

Collimated transmittance spectra of 0.5 mm-thick tissue samples immersed in the glycerol solution were measured (200-1000 nm) during 

30 min treatment with a 5 s - time resolution

I. Carneiro, S. Carvalho, R. Henrique, L. M. Oliveira, V. V. Tuchin, Moving tissue spectral window to the deep-ultraviolet 

via optical clearing, J. Biophotonics. 2019; e201900181.

Creation of UV window 
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M. N. Polyanskiy. 

Refractiveindex.info 

database of optical 

constants. Sci. Data 11, 94 

(2024)

https://doi.org/10.1038/s415

97-023-02898-2

Why is Glycerol good for use as a deep UV OCA? 

https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2
https://doi.org/10.1038/s41597-023-02898-2


A.A. Selifonov and V.V. Tuchin, Control of the optical properties of gums and dentin tissue of a human tooth at laser spectral lines in 

the range of 200 – 800 nm, Quantum Electronics, 50 (1), 47-54 (2020)

I. Carneiro, S. Carvalho, R. Henrique, A. Selifonov, L. Oliveira, V.V. Tuchin, Enhanced ultraviolet spectroscopy by optical clearing for 

biomedical applications, IEEE Journal of Selected Topics in Quantum Electronics 27 (4), 7200108-1-8 (2021)

The effective diffusion coefficient in human 

gum mucous tissue measured  in vitro :

D (30/70/0) =  (2.3±0.4)·10-6 cm2/s 
D (50/50/0) =  (2.6±0.6)·10-6 cm2/s 

D (55/35/10) = (3.2±0.8)·10-6 cm2/s 

The effectiveness of human gum OC in 

propylene glycol / glycerol / water mixture

E-cigarette vapor liquid

The effectiveness of human gingival tissue OC and therapy 

OCA: 99.7% glycerol A.A. Selifonov – PhD thesis on study of 

biophysics of control optical properties 

of biological tissue to optimize 

phototherapy for oral cavity diseases

The UV treatment of 120 patients with 

chronic stomatitis in children's clinic 

No. 3 in Saratov showed high efficiency 

for 4-6 procedures

Lesions 



Laser beam 

1268 nm

Scalp     skin

Skull     bone

Dura     mater

CSF Cortex
Gray matter

White matter

OC of mouse scalp skin
OCA: 70%-Glycerol + 5% DMSO

T. Li, et al. JIOHS 10(5), 

1743002  (2017).

The thickness of the mouse head from 

skin surface to plane 13 was 7 mm

Before OC 

10 min

20 min

30 min
➢ Optogenetics

➢ Biomodulation

➢ Imaging



λ=1268 nm

cm

Monte Carlo simulation of radiative transfer for a four-layer mouse head model
P.A. Timoshina, D.K. Tuchina, Y.A. Zhavoronkov, S.V. Ul’yanov, V.L. Kuzmin, V.V. Tuchin, Transmission of NIR radiation through multi-layer 

mouse head at scalp skin optical clearing, Academic Radiology (2025)

Intensity distribution of a 2 mm diameter incident beam 

(1268 nm) transmitted through half of the mouse head before 

(left) and after (right) the OC: the entire transmitted beam 

(12x12 mm2) (top), its central part (4x4 mm2) (bottom)

OC

OC

Skin OC allows to significantly increase the power 

density of laser beams in the internal parts of the 

mouse brain, up to 2.2 times
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Kinetics of OC of tissues in rats with diabetes mellitus



Tissue C/D τ, min Growth 

τ, % 

l, mm 

(before/after)

Scalp 

skin

C 1410 14 0.45/0.51

D 1611 0.44/0.50

Skull 

bone

C 3215 12,5 0.90/0.94

D 3615 0.94/0.97

Dura 

mater

C 1310 15 0.25/0.27

D 1511 0.21/0.23

Gray 

matter

C 115 18 0.21/0.23

D 138 0.22/0.24

White 

matter

C 128 17 0.15/0.17

D 146 0.12/0.14

Kinetics of optical clearing of head tissues in rats with diabetes mellitus
A. S. Shanshul, E. N. Lazareva, Yu. I. Surkov, et al., Izv. Sarat. Univer., 2025

Gray matter of the brain

White matter of the brain

Control (C)

Control (C)

Diabetes (D)

Diabetes (D)
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Profiles for fluorescence signal

Before application of OCA
Immediately after application

After removal of excess OCA

OCA: 70% glycerol, 5% DMSO, 25% water

Fluorescent imaging of mouse cancer cells in vivo

20 days after tumor cell enucleation (HEp2-TagRFP) in BALBc/nude mice

D.K. Tuchina, I.G. Meerovich, O.A. Sindeeva, V. V. Zherdeva, A. P. Savitsky, A. A. Bogdanov Jr,  V. V. Tuchin, Magnetic resonance contrast 
agents in optical clearing: Prospects for multimodal tissue imaging. J. Biophotonics 13(11) e201960249 (2020); Quantum Electronics (2021)

tumor



MRI contrast agents can be successfully used as OCA to improve optical imaging

This is a fundamentally new approach to multimodal imaging using MRI and optical methods

Introduction of MRI and CT agents 
and saline into mouse skin

Gadovist

(Gadobutrol

604.72)

MRI image of the head

MRI agents increase skin 

transmittance up to 20-30 times

D.K. Tuchina, I.G. Meerovich, O.A. Sindeeva, V. V. Zherdeva, A. P. Savitsky, A. A. Bogdanov Jr,  V. V. Tuchin, Magnetic resonance contrast agents in optical 

clearing: Prospects for multimodal tissue imaging. J. Biophotonics 13(11) e201960249 (2020); Quantum Electronics (2021)

V.V. Tuchin, D.K. Tuchina, A.P. Savitsky, A.A. Bogdanov Jr. Method for visualizing biological tissues and/or organs, 

patent RU 2 735 463 dated 03.09.2020.



H.F. Silva, I.S. Martins, A.A. Bogdanov Jr., V.V. Tuchin, L.M. Oliveira, Characterization of optical clearing mechanisms in 

muscle during treatment with glycerol and gadobutrol solutions, J. Biophotonics 16(1), e202200205 (2023)



A: FI and T1w MRI SNR kinetics measured using the whole tumor ROI after 

intravenous GB injection (0.3 mmol/kg, n = 3). Data are presented as mean ±

SD. Asterisks indicate that the measured mean values are statistically 

significant compared with baseline values (P < 0.01).

B: Tag-RFP FI imaging before intravenous GB injection.

C: Tag-RFP FI imaging 4 min after intravenous GB injection

D: One sagittal T1w GRE MRI slice of the tumor before GB injection.

E: Corresponding sagittal T1w GRE MRI slice of the tumor 9 min after GB 

injection; scale bar, 1 mm

Tag-RFP fluorescence and MRI of tumor xenografts in mice after intravenous 

injection of gadobutrol (GB) (MRI contrast)
N.I. Kazachkina, V.V. Zherdeva, I.G. Meerovich, A.N. Saydasheva, I.D. Solovyev, D.K. Tuchina, A.P. Savitsky, V.V. Tuchin, A.A. Bogdanov Jr., “MR and fluorescence 

imaging of gadobutrol-induced optical clearing of red fluorescent protein signal in an in vivo cancer model,” NMR in Biomedicine, e4708-1-13 (2022). 

FI before

МРТ before
МРТ after 9 min 

FI after 4 min



Red – TPEAF signal

Green – SHG signal

A. Sdobnov, M. E. Darvin, J. Lademann, V.  Tuchin, J. Biophotonics (2017)

TPEAF and SHG images of skin layers obtained ex vivo on porcine ear 

skin samples for OmnipaqueTM and glycerol solutions

OCA Glycerol Omnipaque

Concentration,% 40 60 100 60 100

Refractive index, n 1.384 1.413 1.474 1.392 1.432

Osmolarity, Osm/L 5.5 8.2 10.9 0.33 0.465

Viscosity, cp 3.7 10.8 1410 3.1 11.8

Averaged depth-dependent intensity profiles and OCE

indices for TPEAF (a, c) and SHG (b, d) signals

TPEAF

TPEAF SHG

SHG

Nonlinear Microscopy 

Epidermis on 35 μm depth OCA 

treatment (b)–(d): 100% Omnipaque,

40% glycerol, 100% glycerol.



Impact of E-cigarette liquid on ex vivo porcine lung optical properties studied 

by confocal Raman micro-spectroscopy
Ali Jaafar, et al. J. Biophotonics 17(2) e202300336 (2024)

Lung tissue:

1002 Ring breathing Proteins (Phe)

1548 Proteins (Trp), deoxy-Hb

1618 (C═C), tryptophan

1658 Proteins (α-helix), lipids (unsat. FA) (Amide I)

Average Raman spectra of control lung tissue (A), and  

vape containing of 70%Gly and 30% PG (B)

file:///F:/My%20books/OCT/17(2


Average Raman peak 

intensities (1st treatment) 

After 0, 5, 10, 15, 20, 25 and 

30 min treated with e-liquid

At different depths from 0 to 200 µm



Diagram of the Raman experimental device (a) 
and detail of Raman probe (b)

In vivo Raman spectra and PC scores scatter plots for the Raman spectra acquired 
from different body sites: : fingernail (a), finger (b), arm (c), palm (d), and wrist (e)

The time dependencies of wrist skin Raman peaks after 
application of glycerol with different concentration: 

30% (a), 50% (b), 70% (c), and 99.9% (d).

PC loading plots of the 1st (solid-line) 
and 3rd PCs (dotted-line) for the Raman 

spectra of different body sites

Raman spectra contribute differently 
to the classification

The PC variations of the different skin sites were 

largely dominated by bands at: 

❖ 462 cm−1 (δ(CCC), proteins)

❖ 683 cm−1 (ν(CS), amino acid)

❖ 883 cm−1 (ρ(CH2)/ν(CC)/ν(CN), collagen)

❖ 1253 cm−1 (δ(CH2)/ν(CN), nucleus) 

❖ 1415 cm−1 (δ(CH3), lipids)

❖ 1450 cm−1 (δ(CH2)/δ(CH3); keratin, collagen)

❖ 1655 cm−1 (ν(C=O), keratin)

Q. Lin et al., Laser Phys. 
Lett.  (2020) 

Kinetics of OC of human skin studied in vivo using a fiber Raman probe 



Myocardium samples before, after 30 min, 

60 min treatment with 70%-Gly

Averaged Raman spectra of ex vivo myocardium before and 

after treatment with 70%-Gly: (a) depths at 0 and 120 μm,

(b) untreated, (c) 30 and (d) 60 min treatment. Spectra 

were offset along the ordinate
Raman micro-spectrometer Horiba/Jobin-Yvon. The paths of 

the laser and Raman signal are showed by arrows



OCT/Cartilage/Omnipaque/PG as OCAs 
A. Bykov et.al. , Imaging of subchondral bone by OCT upon optical clearing of articular cartilage, J.  Biophotonics, 2015

0,50 0,75 1,00 1,25

5

10

15

20

25

O
C

T
-s

ig
n
a
l (

d
B

)

Optical depth (mm)

 5 min

 20 min

 50 min

 90 min

OCT signal - Clearing 10

OC cartilage

Light

3D OCT image 
Roughness of the cartilage-bone 

interface Sa = 10 µm

PG       Omnipaque

3D OCT image 

Biopsy

PG 



Jiawei Song, Nan Zeng, Hui Ma, and Valery V. Tuchin, A rapid Stokes imaging method for 

characterizing the optical properties of tissue during immersion optical clearing, IEEE Journal of 

Selected Topics in Quantum Electronics (2023)

Schematic diagram of the assessment of OC with rapid Stokes 

imaging, bovine skeletal muscle for 24 min with 80% glycerol solution

The flow chart of data analysis, from light intensity images, Stokes 

images to the derived polarization parameter images

Sphere-cylinder birefringence model (SCBM) to mimic the 

TOC process

Monte Carlo simulations for three-stage characteristics with 80% 

glycerol solution during tissue clearing, changes of two polarization 

parameters depolarization and linear retardance are simulated

Three-dimensional SHG images of the sample before (left) and 

after (right) being immersed in 80% glycerol for 10 min

Depolarization

Linear retardance

Stokes parameters

A rapid Stokes imaging method 



In vivo optoacoustic (OA) cytometry



M.V. Novoselova et al., Optical clearing for PA lympho- and angiography beyond conventional depth limit in vivo, Photoacoustics 20 100186 (2020) 

Raster scanning optical-acoustic mesoscopy (RSOM) 

scheme and experimental protocol

3D OA lympho-/angiography of mouse 

limb in vivo

Topical application of OCA to the skin surface of a mouse 

limb during RSOM imaging

Optoacoustic (OA) cytometry in vivo, lympho- and angiography

Scale bar=0.5 mm

Y.A. Menyaev et al., Skin optical clearing for in vivo 

photoacoustic flow cytometry, Biomed. Opt. Express 4 

(12), 3030-3041 (2013)

OA in vivo cytometry



Zhu D., et al. J. Biomed. Opt. 15(2), 026008 (2010)

Laser speckle contrast imaging microscopy

K = /I  1/ V, 
 is the standard deviation of the intensity fluctuations

I is the mean intensity, and V is the mean velocity

Blood vessel visibility at topical treatment of rat 

skin in vivo by a mixture of PEG-400 and thiazone

Imaging of brain  blood vessels

LSCI of cerebral vessels at application of 60% glycerol 

solution to skin surface of the newborn mouse in the 

fontanelle area



Schematic representation of the stages of studying 

pancreatic microcirculation in rats with alloxan-induced 

diabetes mellitus using laser speckle-contrast imaging 

with OCA application:

➢ Experimental type 1 diabetes in rats was induced by a 

single subcutaneous injection of alloxan at a dose of 

220 mg/kg body weight

➢ Setup for studying pancreatic microcirculation in rats 

with diabetes

➢ Analysis and processing of the obtained results



Ou et al., Science 

385, 1061 (2024),

6 September 2024



Self optical clearing at RBC hemolysis 

G.Popescu,…M. Feld, J. Biomed. Opt. 2005  

Hilbert phase microscopy

V.V. Tuchin, et al. Optics Express 2004

SWIR tissue windows 



Temporal NIR reflectance of rat skin after injection

of hemoglobin (120 g/L) and blood (2:1, in heparin)

Reflectance of skin before injection

Reflectance of skin immediately after injection

Hemoglobin (120 g/L) 

Blood (2:1, in heparin) 

2022

Hematoma (bruise) model 

Ye et al. Nanoscale Research Letters 
(2022) 17:111

Hematoma (bruise) change 

color with time – hemoglobin 

transfer to bilirubin 
Bilirubin

Piglet brain after cortical injury produced by the 

intracranial balloon, Paiva et al: Experimental and 

therapeutic medicine 25: 20, 2023



Kinetics of Tc(λ) at treatment with TZ solution (40%) 

Kinetics of Tc for wavelengths between 600 and

900 nm (A) and between 800 and 900 nm (B)

Luís M. Oliveira et al. “Ultraviolet transparency windows created by 

bonding tartrazine molecules to tissue proteins” (SFM-25)



A.R. Guerra, L.R. Oliveira, G.O. Rodrigues, M.R. Pinheiro, M.I. Carvalho, V.V. Tuchin, L.M. Oliveira, Assessment of 

tartrazine diffusion properties in skeletal muscle, IEEE Journal of Selected Topics in Quantum Electronics (2026) 

For TTZ, the value of DTTZ,water ~4.8×10-6 cm2/s, i.e. about 13.6× higher than the 

DTTZ,tissue = 3.6×10-7 cm2/s that is obtained experimentally in this study  

For water diffusion, this ratio is 12.1 (2.3×10-5 cm2/s /1.9×10-6 cm2/s ). 

Consequently, the impact of tissue structure (barrier) on water transport is only 

slightly less than on transport of TTZ molecules (534 g/mol)



(Yu. Surkov et al., JIOHS, accepted, October 2025)

Equipment: LSCI system (632 nm), OCT (930 nm) and OCT (1325 nm) 

Relative blood flow index (rBFI) maps:

𝑟𝐵𝐹𝐼𝑓𝑢𝑙𝑙 = Τ1 𝐾𝑓𝑢𝑙𝑙
2 ,  𝑟𝐵𝐹𝐼𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = Τ1 𝐾𝑑𝑦𝑛𝑎𝑚𝑖𝑐

2

𝐶𝑁𝑅 𝑡 = ൗ𝐾ROI 𝑡 − 𝐾bg 𝑡 𝜎bg

⟨·⟩ the mean value within the vessel ROI 

bg − neighboring parenchymal background area free of large vessels 

σbg − standard deviation within that background

Static speckle-contrast maps (Kstatic) were calculated from the reconstructed 

static raw speckle image stack

Dynamic speckle contrast: Kdynamic = Kfull − Kstatic
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Mouse scalp was surgically excised without damaging the periosteum

Computer-guided optical clearing for transcranial laser speckle imaging of cortical blood flow through 

synergistic tartrazine-induced cranial bone transparency
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Dispersion of ICG in water, ethanol, glycerol, and albumin (presented on LALS -24 ) 

E. Genina et al., JBO 9(4) (2004)

OCA: ICG  (1 mg/ml)  

Glycerol-ethanol-

propylene glycol-

water solution
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OC of lung tissue and e-liquid as an OCA 
A.B. Bucharskaya, et al., Biophys. Rev. 14 (2022)

Intact Ex vivo  In vivo  

OCT  



L.R. Oliveira, R.M. Ferreira, M.R. Pinheiro, H.F. Silva, V.V. Tuchin, L.M. Oliveira, Broadband spectral 

verification of optical clearing reversibility in lung tissue, J. Biophotonics 15, e202200185, 2023

Rabbit lung tissue 𝑶𝑪𝒆𝒇𝒇(%) =
𝑻𝒄 𝝀, 𝒕 − 𝑻𝒄 𝝀, 𝒕 = 𝟎

𝑻𝒄 𝝀, 𝒕 = 𝟎
× 𝟏𝟎𝟎%



I. Y. Yanina, et al., “Immersion optical clearing of adipose tissue in rats: ex vivo and in vivo studies,” J. Biophotonics e202100393 (2022)

In vivo immersion optical clearing of adipose tissue
Motivation: Conventional or Laser Surgery, to see and avoid dissection of blood vessels

DDN: 21% Diatrizoic acid, 66% DMSO, 

13% N-methyl-glucamine (n=1.511)

MDN: 30% Metrizoic acid, 58% DMSO, 

N-methyl-glucamine (n=1.529)

SUD: 60% Sucrose, 

40% DMSO (n=1.509)
FEW: 50% Fructose, 30% 

Ethanol, 20% Water (n=1.408)1 2 3 4



Scheme of experimental setup for spectral study: 3 is the 

color video camera DCC1645C, 4 is the monochrome 

camera DCC1545M, 5 is the spectrometer USB4000, 6 is 

the illumination unit KL-1500Z, 7 is the blood slide

Principle of spectral absorbance measurement 

of a whole blood sample at immersion OC

Images of slides of thickness 120 μm with a whole 

blood (3 μl) of a laboratory mouse and mouse 

melanoma cells (B16F10) (1 μl) mixed with 4 μl of 

saline (upper image) or Omnipaque (lower image)



Upconversion luminescence of a star-shaped 

label at 800 nm, glycerol clearing of 6-mm-

thick porcine muscle tissue

Upconversion nanoparticles (UCNP) for deep-tissue imaging 
A.P. Popov, E.V. Khaydukov, A.V. Bykov, V.A. Semchishen, V.V. Tuchin, Enhancement of upconversion deep-tissue imaging

using optical clearing, Proc. of SPIE-OSA 9540, 95400B-5, 2015

Spectra of luminescent radiation at 

pumping on 975 nm

Size distribution
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Generation  of OCAs in the body
Local fat cell lipolysis is the breakdown of lipids and involves hydrolysis of triglycerides into 

glycerol (OCA) and free fatty acids (enhancers)
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In vitro OCT images of porcine fat tissue

Transillumination images
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Modeling of light beam propagation  

through 6 layers of cells Proteins are also good OCAs

Local RBC hemolysis – Hemoglobin

Popescu et al. and Zhernovaya et al. have 

proved  this experimentally
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Electronic micrographs of  phantom

Silicone-glycerol mixture tissue phantoms

Transmittance kinetics (glucose 

solution, 40%)

Transmittance kinetics (water)
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Additional benefit:  sound and light propagate in phantom with properties close to the actual tissue

M.S. Wróbel et al., Nanoparticle-free tissue-mimicking phantoms with intrinsic scattering 

Biomed. Opt. Express 7(6), 2088-2094 (2016)

Schematic of  the OCT optofluidic

needle probe

Quirk et al. OPTICS LETTERS 39(10):2888-2891, 2014

Arrows indicate 

representative alveoli

Air-filled lungs

After saline injection

P. Listewnik, M. Ronowska, M. Wasowicz, V.V. Tuchin, M. Szczerska, Porous phantoms mimicking 

tissues—investigation of optical parameters stability over time. Materials 2021, 14, 423-1-11



Glucose diffusion in implantable 

collagen materials
"SPILAK", "PER uncrosslinked", "PER crosslinked"

(Institute of Regenerative Medicine, Sechenov Univ.)

Glucose τ, min D, cm2/c

32% 6.9±1.1 (1.52±0.32)х10-6

40% 11.8±2.2 (0.82±0.12)х10-6

50% 8.8±1.3 (1.58±0.41)х10-6

Glucose 32%

Glucose 40%

Glucose 50 %

«SPILAK»

"PER uncrosslinked“

Thickness, mm

“PER crosslinked"

Thickness, mm

"PER uncrosslinked“

Mass, g

“PER crosslinked"

Mass, g



OCT B-scans of intact human skin of type II (a) and VI (b); type VI skin 30 min after the 

combined action of microdermabrasion (MDA), oleic acid (OA), and sonophoresis (SP) (c). A-

scans averaged over the entire scan area of intact skin (d).  Histograms of OCT signal at 

different depths of intact skin averaged over six measurements (e) and mean OCT signals at 

different depths of type VI skin. Asterisks indicate a group with statistically significant 

differences between the OCT signals before and after OC (p<0.01). Bars correspond to 200 µm.

OCT images (930 nm) of light and dark skin
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Anti-inflammatory drug delivery in dermatology with no side effects
We suggested a novel topical particulate formulation for the glucocorticoid clobetasol propionate (CP) using porous calcium 

carbonate (CaCO3) carriers in the vaterite crystalline form

M.S. Saveleva et al. Biodegradable calcium carbonate carriers for the topical delivery of clobetasol propionate, 

J. Mater. Chem. B 12, 4867–4881 (2024)

SEM (a, b) and size distributions (c, d) of the pure

CaCO3 (a, c) and CP-CaCO3 carriers (b, d).

Raman spectra of the CP-CaCO3 (e).

OCT images of rat skin hair 

follicles performed in vivo
before and after the application 

of the CP-CaCO3 + OCA) 



Deep photoinactivation of pathogens using an optical clearing agent (OCA)
V.V. Tuchin et al., Optical clearing of tissues: issues of antimicrobial phototherapy and drug delivery, Advanced Drug Delivery Reviews, 2022, 114037

Y.I. Svenskaya et al., Enhanced topical psoralen–ultraviolet A 

therapy via targeting to hair follicles, British Journal of 
Dermatology 182,1479–1481 (2020)

S.V. Zaitsev et al., Optimized skin optical clearing for optical coherence tomography monitoring of encapsulated drug 

delivery through the hair follicles, J. Biophotonics 13, e201960020 (2020) 

E.V. Lengert et al., Prospective strategies for enhanced intra- 

and transdermal delivery of antifungal drugs, 

Skin Pharmacology and Physiology 33, 261–269 (2020)



OCA: 40% glycerol

Exposure time: 10 min
Pathological skin demonstrates 

enhanced optical clearing efficiency 

compared to healthy skin, likely due to 

the disrupted barrier function within the 

lesion area
Multimodal method

OCT33 MHz      75 MHz

US          US Macro photoPhoto

The imaging depth is 
significantly increased



Wald, S.L. et al. Oral glycerol for the 

treatment of traumatic intracranial 

hypertension. J. Neurosurg. 56, 323–

331 (1982)

Prospects for in vivo OC
MAGICAL : Magical Glycerol additive improves light brightness 

from living object

MAGICAL : 5% (w/v) glycerol was administered orally with 

drinking water, ad libitum, 2 weeks before open skull surgery and 
until the end of the experiment

An oral glucose tolerance test 
Glucose is given orally and blood 

samples are taken to determine how 
quickly it is removed from the blood

Increased speed, depth and 

contrast of multiphoton and CM 

imaging



A.M. Hancock, et al. A nutrient bottleneck limits 

antibiotic efficacy in structured bacterial populations,

Princeton Univ., Caltech, USA,

bioRxiv https://doi.org/10.1101/2025.03.12.642894 

A. N. Bashkatov, E. A. Genina, Y. P. Sinichkin, V. I. 

Kochubey, N. A. Lakodina, and V. V. Tuchin, Biophysical 

Journal 85, 3310 (2003), 226 цит.

Recent examples of the use of our results

Hakami A et al., Graft ischemia post cell transplantation to the brain: 

Glucose deprivation as the primary driver of rapid cell death, 

Neurotherapeutics, e00518 (2024)

The values of the diffusion coefficients of glucose in human 

tissues were used (Bashkatov AN, Genina EA, Tuchin VV. 

Measurement of glucose diffusion coefficients in human tissues. Chap 

19:587–621 (2009))

Graft ischemia after cell transplantation into the 

brain: glucose deficiency as a major factor in rapid 

cell death

Nutrient starvation limits antibiotic effectiveness in structured bacterial populations



Blood vessel imaging

OCT

Confocal microscopy

Raman spectroscopy

Two-photon and SHG 

microscopy

Glucose sensing

Nanophotonics

Precise laser surgery

Rheumatoid 

arthritis

PA microscopy, 

angiography, 

lymphography & 

flow cytometry 

Laser  tattoo removal

Cell imaging in 

lymph nodes 

Polarization

Speckles Gold nanoparticles

Skull, tooth, 

bone, cartilageAdaptive OCT 

Cancerous tissue 

differentiation

Glycated tissue 

differentiation

THz  clearing

Upconversion nanoparticles 

Scarred vocal fold 

Summary

PWS patients and the en face OCTA



Monographs



Выводы
Технология оптического просветления:

➢  Существенно повышает эффективность оптической спектроскопии, 

визуализации и терапии

➢Расширяет возможности применения лазеров и других источников света, 

работающих в диапазоне длин волн от глубокого УФ до ТГц, в биомедицине

➢Благодаря использованию инновационных оптических просветляющих 

агентов позволяет комбинировать оптические методы, такие как КР, ГКР, 

РКР, конфокальная микроскопия, ОКТ, флуоресцентная микроскопия, 

FLIM, нелинейная микроскопия (МФ, вторая и третья гармоника), ОА 

метод, диффузная спектроскопия, ТГц-спектроскопия, с широко 

используемыми в клиниках КТ, МРТ и УЗИ

➢Позволяет вводить маркеры для мониторинга осложнений при сахарном 

диабете и дифференциации опухолей

➢Перспективна для мониторинга криоконсервации органов
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